Abstract: Following an increased emphasis on watershed management by the U.S. Environmental Protection Agency (EPA) in the 1990s, the Kentucky Division of Water (KDOW) developed and implemented a watershed-management framework process for the state of Kentucky in 1997. The Kentucky Water Resources Research Institute (KWWRI) coordinated the first implementation of the framework process in the Kentucky River basin beginning in 2000. After an evaluation of the program that followed the completion of the first five-year cycle of the framework, the KWRRI made significant changes to the framework so as to incorporate greater stakeholder involvement and to place a greater focus on the development and implementation of watershed plans at a local level. This paper provides a summary of the watershed activities in the Kentucky River basin over the past 15 years and evaluates the lessons learned during that process. It is hoped that these observations will be useful to other agencies and organizations that are engaged in watershed-management activities, either at the state or local level.
Introduction and Background
Watershed management became a specific focus of the EPA during the 1990s when the agency embarked upon a national program to develop and implement a comprehensive watershed-protection approach framework across the United States. This initiative built upon the Office of Water's watershed-protection framework, first endorsed by senior EPA managers in 1991 (EPA 1991 ) and updated in 1996 (EPA 1996 .
As part of this initiative, the EPA developed specific guidance for implementing the framework at both the state (EPA 1995a) and project level (EPA 1995b) . The watershed-framework process was originally envisioned to encompass an iterative planning process (typically more than 5 years), consisting of four to five phases (e.g., data collection/monitoring, assessment, prioritization, strategy development, basin plan review/approval, and implementation), which resulted in specific watershed plans for targeted watersheds within a larger river basin. In most cases, each state was subdivided into multiple management units for sequential application of the planning process. Each management unit would typically include several distinct river basins. For example, North Carolina, which was one of the first states to implement a watershed planning process, assigned each one of its 17 major river basins to one of five management units to facilitate a rolling five-year planning process (EPA 1995a) .
Since its inception, more than 20 states (including Kentucky) have adopted a watershed approach to their management of statewide water programs (EPA 2002) . To date, 18 states continue to employ such an approach (EPA 2013a).
One of the first studies to assess the benefits of watershed management at a national level was conducted by the EPA (1997). The resulting report, entitled The Top Ten Lessons Learned, should be required reading for anyone engaged in watershed management. While obviously somewhat dated, the report remains a treasure trove of great practical advice. The report identified the top 10 watershed lessons that had been learned up to that time and helped to inform many of the concepts subsequently implemented in later state watershed programs. Each lesson included at least two case studies for use in illustrating the main point. Among the important lessons were the following:
1. The best plans have clear visions, goals, and action items; 2. Good leaders are committed and empower others; 3. Plans only succeed if implemented; 4. Partnerships equal power; 5. Education and involvement drive action; and 6. Build on small successes. These findings tend to be echoed by subsequent authors who examined the importance of stakeholder involvement in the overall watershed-management process (Watkins and Paladino 2001; Webler and Tuler 2001; Johnson et al. 2002; Conway 2002; Bui and Smith 2002; Leach et al. 2002; Lu 2003; Shirey et al. 2005) .
In 2002, the EPA published the first comprehensive review of statewide watershed-management approaches. The study examined the programs of eight different states (Table 1) . These eight states were included in the review because each state had "(1) adopted a statewide management approach; (2) had at least 2 years of experience implementing the approach; (3) represented a range of geography, types, or models of watershed management approaches; and (4) were recommended by a number of USEPA headquarters and regional managers."
The report provides a summary of states' watershed-management experiences with regard to six different metrics, including public involvement and state-local coordination. The report also evaluated the experiences of individual state regulatory programs [e.g., total maximum daily load (TMDLS) and national permit discharge elimination system (NPDES)] in light of the use of the watershed as an integrative management framework. Finally, the report provided a series of conclusions and six different recommendations for both the EPA and the collective states.
With regard to public involvement and state-local coordination, while the report found that "statewide watershed management has greatly increased opportunities for public involvement in state water quality and resource management. : : : public involvement efforts can create tension between state [regulatory] agencies and the public." For example, because state agency personnel are often involved in watershed-management issues as both a regulator and facilitator, these roles can frequently come into conflict when issues may arise in which stakeholder interest or perspectives are at variance with the regulatory decision. The report also found that "despite greater opportunities for public involvement and input, few statewide management programs have built specific linkages to local government, planning, zoning, or land use authorities." Among the final conclusions of the report were that "The key to a successful statewide watershed program appears to be one that recognizes the important value of inter-agency and state-local partnerships and is supported by an adequate coordination infrastructure."
In 2005, the EPA conducted another national survey of watershed-management programs associated with the National Estuary Program (EPA 2005) . The survey was published as the Community-Based Watershed Management Handbook (EPA 2005) and summarized highly successful approaches to watershed management as implemented by the 28 National Estuary Programs. Among the recommendations of the report were the following:
1. Foster consensus on difficult issues by establishing effective governance structures; 2. Conduct vigorous education and outreach by involving the public; and 3. Establish credibility by using science to inform decision making. While the report emphasized the importance of stakeholder involvement, such involvement frequently took the form of a citizen's advisory committee in which watershed-management governance was still implemented from a top-down approach, and technical issues were typically separated from citizen stakeholders through the use of a parallel technical advisory committee.
In many ways, the 2002 and 2005 surveys tend to reflect a greater influence of the principles of the watershed-management framework (EPA 1996) than lessons documented in the top 10 watershed lessons report (EPA 1997) . This is perhaps not surprising, since the top 10 lessons were derived from experiences from implementation of watershed-management plans at a local level as opposed to implementation of a statewide program. The implications of such differences were subsequently manifest in the ultimate implementation of the watershed-management framework in the Kentucky River basin. While some of the experiences in Kentucky may be unique, it is still hoped that some of the lessons learned might be applicable to other basins as well (Michaels and Kenney 2001) .
Kentucky Watershed-Management Program
As part of this national effort, the Kentucky Division of Water (KDOW) developed a comprehensive watershed-management framework (KDOW 1997a) . The purpose of the framework was to "provide a means for coordinating and integrating the programs, tools, and resources of multiple stakeholder groups to better protect, maintain, and restore the ecological structure and function of watersheds as well as support their sustainable use." The specific goals of the program are summarized as follows:
1. Protect and enhance public health and safety; 2. Conserve and enhance watershed ecosystems; 3. Support sustainable watershed resource uses that meet waterquality standards and conservation goals; 4. Reduce or prevent pollutant loadings and other stressors in watersheds; 5. Preserve and enhance aesthetic and recreational values of watersheds; and 6. Provide adequate water supply to support sustainable human use and ecological integrity. The original framework involved a collaboration of nearly 30 separate agencies. Representatives from each of these organizations made up an initial statewide steering committee whose purpose was to review progress, set goals, and provide interagency coordination associated with various joint activities, including water-quality monitoring. Basin coordinators were established for five major river-basin management units within the state. Additionally, separate basin-management teams were created for each of the major river basins that would provide strategic guidance and program support for implementing the management framework process in each basin (KDOW 1997a) .
As a result of both financial resources and an agency mandate, KDOW quickly emerged as the de facto manager of the statewide program, although other agencies continued to be involved. Division of Water staff provided leadership through the staff positions of the statewide coordinator, as well as the eventual basin coordinators in all but the Kentucky River basin.
In the Kentucky River basin, financial support was provided by the Kentucky River Authority (KRA) at a level of approximately $100,000 a year. Because of limited staff, the KRA contracted with the Kentucky Water Resources Research Institute (KWRRI) to act as its agent in the implementation of the process. In that capacity, the KWRRI worked very closely with the statewide coordinator, the statewide steering committee and KDOW. The funds from the KRA were used to support a local coordinator for the basin to support volunteer water-quality sampling across the basin and to implement each of the steps of the overall watershed-management framework.
Framework Components
The Kentucky watershed-management framework was designed based on five basic components: (1) basin-management units; (2) a basin-management cycle; (3) a statewide basin-management schedule; (4) a partner network including public participation; and (5) basin-management and watershed-management plans (Ormsbee and McAlister 2005) . These are briefly summarized below.
Basin Management Units
The state of Kentucky contains 12 major river basins: Big Sandy, Green, Kentucky, Licking, Little Sandy, Lower Cumberland, Mississippi, Salt, Tennessee, Tradewater, Tygarts, and Upper Cumberland (Fig. 1) . The Ohio River constitutes most of the northern border of the state and several small watersheds drain directly into its main stem.
To facilitate the application of the watershed-management approach across the commonwealth, the state was subdivided into five basin-management units. The basin-management units were based on six-digit hydrologic unit codes (HUCs), within which are nested 8-digit, 11-digit, and 14-digit HUCs (watersheds). HUCs were developed by the U.S. Geological Survey, the U.S. Department of Agriculture's Natural Resources Conservation Service, and others, to standardize hydrologic unit delineations for geographic description and data storage purposes. A map of the five basin-management units is provided in Fig. 2 . A listing of the five basin-management units and their associated statistics is provided in Table 2 .
Basin-Management Schedule
In applying a watershed-management approach across the state, each basin-management unit is processed through a five-part basin-management cycle. To provide for the strategic utilization of program resources, the basin-management cycle for each basinmanagement unit was lagged by one year and sequenced over an initial five-year period. The Kentucky River basin was selected as the first basin to implement the process, followed by the Licking/ Salt river basins, the Upper and Lower Cumberland River basin, the Green and Tradewater river basins, and finally, the Big Sandy, Little Sandy, and Tygarts river basins. A detailed map of the basin is provided in Fig. 3 .
Basin-Management Cycle
The basin-management cycle has five activity phases that are sequenced and repeated for each basin-management unit at fixed five-year intervals. This process is intended to ensure that management goals, priorities, and implementation strategies are routinely updated and progressively implemented (Fig. 4) . The five phases include (1) scoping and data gathering, (2) assessment, (3) prioritization and targeting, (4) plan development, and (5) implementation (Ormsbee and McAlister 2005) .
Scoping and Data Gathering
The first phase of the management cycle involved the development of a basin status report (KDOW 1997b) . This report provided an Fig . 3 . Map of the Kentucky River basin with HUC-8 subwatersheds assessment of existing data about the basin and addressed issues of watershed quality, biodiversity, water use, population, land cover, and public involvement and participation. The report also provided a summary of the 305(b) stream assessments for 1996. Existing water quality and geographical information system (GIS) data sets for the basin were also identified and collected. As a result of this initial assessment, a subsequent basin-monitoring plan was developed (Ormsbee et al. 2000) . This plan was designed to fill in data gaps identified in the initial basin status report and structured to take advantage of collaborative sampling initiatives of several of the framework collaborators. By combining resources, multiple agencies were able to provide an increased amount of sampling in the basin of emphasis, which provided a robust set of data for performing a more detailed assessment. For example, KDOW reduced their annual synoptic sampling in each of the other river basins by 50% to increase their sampling of nutrient and pathogens in the Kentucky River basin when it was a basin of emphasis.
Assessment
During the second phase, quantitative and qualitative analyses were performed to evaluate and document the severity, causes, and sources of stress to watershed resources using the 14-digit scale watershed as the basic unit of analysis. These analyses were consolidated into 11-digit scale watershed assessments (Ormsbee and McAlister 2005) . A map of the basin (showing the 97 11-digit HUC watersheds) is shown in Fig. 5 . An assessment for each 11-digit HUC was performed using water-quality data collected during the scoping and data-gathering phase of the management cycle, in addition to GIS data for the basin. The assessment data were compiled into a report and associated database for use in the prioritization and targeting phase of the management cycle (KWRRI 2000) .
Prioritization and Targeting
In the third phase of the management cycle, framework partners and other interested stakeholders worked together to assign each 11-digit watershed to one of four quadrants on a targeting matrix (Fig. 6 ). The prioritization score took into account both protection and restoration objectives, while the feasibility score took into consideration issues of technical feasibility, political feasibility, cost-effectiveness, and programmatic feasibility (Ormsbee and Colten 1997) . Metrics for the prioritization score were developed using equations that utilized information synthesized from GIS data sets for each watershed (see the appendix). Metrics associated with the feasibility score were assigned subjectively by basin team members based on their knowledge of ongoing activities in each of the watersheds. Since its implementation, KDOW has entered into a partnership with the EPA to develop a new prioritization software called the recovery potential screening tool (EPA 2013a).
Plan Development
During the plan-development phase, the basin coordinator worked with the basin-management team to identify, evaluate, and select management strategies to address targeted priority issues. Separate implementation strategies were then developed and assigned to each 11-digit HUC watershed (KWRRI 2001) . Because of limited resources, an initial focus was placed on those watersheds that were in the high feasibility and high prioritization quadrant. Of the watersheds identified in this quadrant, three 11-digit HUC watersheds were identified as first-priority, watersheds and six watersheds were identified as second-priority watersheds (Fig. 7) .
Implementation
The last phase of the watershed-management cycle involved the implementation of the goals and objectives of management plans for first-priority and second-priority watersheds. Ideally, this was to be accomplished by local watershed task forces that would be created by local government officials and involve various local stakeholder groups. Additional support for these groups was envisioned to be provided by the basin coordinator with support from the river basin management team, as well as programmatic support from KDOW and other state and federal agencies. 
Summary of the Basin-Management Cycle
The goals and components of the watershed framework process, as initially implemented in the Kentucky River basin, are summarized in Fig. 8 . Essentially, the watershed-framework process had three practical goals: (1) increase cooperation and efficiency within KDOW and other state and federal agencies; (2) set watershed priorities using the five-step management cycle by involving the basin coordinator, basin management team, and statewide steering committee; and (3) solve problems at the local level. The latter goal was expected to be accomplished with the involvement of local citizens and stakeholders with financial support provided by various organizations represented on the statewide steering committee. As a consequence, the philosophy that evolved in the basin was one that envisioned a decrease in agency involvement and an increase in citizen involvement as the framework process progressed through the five-year cycle. This is illustrated in Fig. 8 by the decrease in the intensity of the arrows on the agency side of the ledger and a corresponding increase in the intensity of the arrows on the citizen side of the ledger.
Process Assessment
To a large extent, the first goal of the management framework (increasing cooperation and efficiency among federal and state agencies) was essentially achieved, although KDOW quickly emerged as the dominant player in the framework process with other agencies (with the notable exception of the Kentucky River Authority taking on a secondary role). As a result, the watershed steering committee has struggled to achieve full buy-in and involvement from nonKDOW agencies due to a perceived lack of benefits for these other partner organizations. While some interagency coordination on water-quality sampling was achieved, one of the primary benefits of the process was an increased focus within KDOW of the watershed as the primary integrator of its programs. Indeed, as part of the change in focus, the agency created a watershed-management branch as one of the formal units within its organizational structure. As originally envisioned by the management framework, the second goal of setting watershed priorities would be achieved through the leadership of the basin coordinator and involvement of the river basin team with technical support from various federal and state agencies. The initial plan was for the river basin team to be composed of a balance between agency representatives and regular citizen stakeholders. However, over time, the team tended to become dominated by representatives from agencies. The team composition partially resulted from chosen meeting times. While regular citizens could normally only meet at night, in many cases, agency representatives were either unable or unwilling to meet at any time other than their normal working hours. Second, attendance of agency representatives was initially mandated by their agency leadership, while citizen participation was obviously voluntary. As a result of a large number of the basin team membership representing agencies, most of the basin team members tended to view watershed management and associated solutions from an . Goals and components of the watershed-framework process agency perspective and, more specifically, from the perspective of their own agency-related watershed programs. Thus, the focus of the river basin team tended to shift toward a discussion of how different agency programs might be implemented in the priority watersheds, as opposed to how the specific needs of the local stakeholders could be met. While discussions about agency priorities and programs were obviously helpful and important, especially from the perspective of potential project funding, the net result was that the regular citizens and associated stakeholder groups tended to be disenfranchised from the process (Ormsbee and McAlister 2005) .
The third goal of solving water-quality problems was envisioned to be achieved by the creation of local watershed task forces, which were to involve local stakeholder groups as facilitated by local government officials. Given the loss of citizen stakeholder participation as described above, what ultimately resulted was a top-down implementation that relied on internal KDOW staff and other agencies to try to push management solutions down to the lower levels. As one would imagine, initial attempts to implement this philosophy at the local level and with the stakeholder groups proved to be problematic.
Attempts to mobilize and interest the citizens by working through local governments (i.e., chamber of commerce, local fiscal courts) proved to be largely unsuccessful. First, some local stakeholder groups felt they had been basically left out of the process used to determine what priority issues needed to be addressed in their watersheds. Second, many local governments also felt they had been left out of this decision-making process and, short of any regulatory mandate or financial incentive, were not motivated to implement another local program when they were already overwhelmed with other pressing issues. Finally, it became readily apparent that even with local buy-in and support, it was highly unlikely that any resulting watershed plan would be able to be fully implemented within one year (i.e., year five) as originally envisioned as part of the framework process. Instead, it became clear that most developed plans would likely take several years to fully implement, and thus it would not be possible for the basin coordinator and the river basin team to simply return back to Phase I (i.e., scoping and data gathering activities) as part of a year one focus in the second five-year cycle. Clearly, someone would need to continue to shepherd the implementation of the developed plans beyond year five. Thus, after a largely frustrating fifth year of trying to implement more administrative solutions in the priority watersheds, both KRA and KWRRI embarked on a new implementation strategy in an attempt to augment the continuing KDOW-led framework effort.
Development of a Modified Watershed-Management Program
Because of the direct financial support of the Kentucky River Authority, the KWRRI was able to develop and implement a modified watershed-management process for the basin. While doing so, the KWRRI continued to coordinate its efforts with KDOW through participation on the statewide watershed steering committee and through participation of the Kentucky River basin coordinator (a KWRRI employee) in monthly KDOW meetings with the other basin coordinators.
While not abandoning the work and results of the first five-year watershed-management cycle, the new program began to place a higher priority on the improvement feasibility metric of the original targeting matrix as opposed to the prioritization score. In theory, an attempt was initially made to integrate both dimensions of the problem, but over time, KDOW tended to rely more on the prioritization score for use in identifying those watersheds on which to focus their funding programs (e.g., 319 program). In contrast, as part of the new approach, the KWRRI began to focus on watersheds where local stakeholders were already at work and where the KWRRI could identify ways to support those activities. Information collected for use in calculating the prioritization score still proved to be useful in providing critical data to the local stakeholders; however, the prioritization score itself became more of a secondary metric in helping to guide the focus of the KWRRI program. As a result, the program relied more on the local stakeholders to address the five steps of the original basin cycle (i.e., prioritization, monitoring, assessment, plan development), although in perhaps a different order and a different time frame.
In essence, the modified management program developed and implemented by KWRRI focused on a more bottom-up approach, as opposed to the more top-down approach that evolved from the original watershed-management framework process. The developed program involved five basic components:
1. River basin team; 2. Partnership with the Kentucky River Watershed Watch; 3. Annual seed grant program; 4. Large grant development program; and 5. Additional watershed-management partnerships.
River Basin Team
As before, watershed activities within the basin are coordinated through the river basin team. However, in implementing the modified approach, an attempt was made to include more local watershed organizations and any individual stakeholder that expressed interest. For the most part, the meeting attendees are from universities, agencies, or nongovernmental organizations (NGOs), with a few representatives of watershed groups. The meeting times were also shifted to the late afternoons in an attempt to provide greater access to local stakeholders. To coordinate activities at the state level, the basin coordinator still serves on the statewide council of basin coordinators and meets with state officials on a monthly basis. This maintains a linkage with the continuing statewide management program and the local activities across the basin.
Partnership with the Kentucky River Watershed Watch
The Kentucky River Watershed Watch (KRWW) is an NGO that was created in 1997 to support volunteer monitoring across the Kentucky River basin. In 1998, KRA agreed to provide annual funding to the organization, administered through KWRRI, in support of sample analyses and the development of an annual assessment report. This partnership provided a way to obtain an annual water-quality assessment of the basin, as well as a network of stakeholders from which to develop focused watershed projects (KRWW 2013a). KRWW is composed of over 200 volunteers who conduct waterquality sampling on four different occasions each year. During the spring, volunteers sample for herbicides and pesticides. During the summer, the volunteers sample twice for pathogens, while in the fall, they sample for metals and nutrients. During each sample event, the volunteers also collect several field parameters: temperature, pH, conductivity, and dissolved oxygen. Some volunteers are also trained to conduct habitat and biological assessments each year. On occasion, additional focused sampling of specific parameters of interest is conducted by smaller groups of individuals as part of more detailed water-quality investigations.
Through funding from KRA, KWRRI helps coordinate the annual sampling by KRWW. In addition to coordination assistance and payment for the sample analyses, KWRRI also produces an annual report that summarizes the results of the sampling events. KWRRI also presents an annual assessment of the results at the annual meeting of KRWW. In 2011, to assist with pathogen trend analyses for KRWW samplers, KWRRI developed a functional relationship between fecal coliform and E. coli bacteria for water samples collected in the basin (Akasapu and Ormsbee 2011) .
Annual Seed Grant Program
In interacting with various stakeholder groups across the basin, many of which were also members of KRWW, it became readily apparent that several small stakeholder groups could potentially develop and implement a meaningful watershed project in their local communities if they had some minimum level of funding. In response to this need, the KRA agreed to support an annual seed grant program of $15,000, which would be dispensed in small grants not to exceed $3,000. This program was started in 2004 and as of 2012 has supported 54 grants within the basin (KRWW 2013b). The initiatives have included educational projects, local stream cleanup and restoration, focused sampling to identify sources of specific pollution, local advocacy, and funding to support the development of new NGOs and local watershed groups. KWRRI staff currently work with various stakeholders across the basin in developing their grant applications. Applications are then reviewed by KWRRI, which then presents recommendations to the KRA board of directors, which ultimately approves the grants. The funds are administered through KWRRI, and each grant recipient is required to submit an interim and final report on their project. KDOW is currently working toward the creation of a statewide program to assist similar grassroots watershed initiatives.
Large Grant Development Program
As local stakeholder watershed groups began to emerge, in part as a result of the annual seed grant program, some of these groups developed a desire to pursue larger projects. As needs were identified, the KWRRI basin coordinator began to work with these groups to help develop and submit larger grant applications. In other cases, some of the local groups have been able to independently obtain additional funding directly from the city of Lexington, the U.S. Forest Service, or other grant sources.
In Kentucky, the main source of large watershed grant funding is the 319h nonpoint source grant program. KDOW administers this program and solicits applications on an annual basis. The grant projects funded under this program were originally educational or demonstration efforts. In 2008, KDOW began encouraging applicants to develop watershed-based plans prior to requesting implementation funding. This request was made in an attempt to fund more scientifically based implementation projects that would result in significant water-quality improvements, with the ultimate goal of delisting stream segments from Kentucky's 303d list of impaired waterbodies. To facilitate plan development, the division worked with the Kentucky Waterways Alliance and others to simplify and tailor instructions for EPA guidelines for formal plan development. The final document entitled The Watershed Planning Guidebook for Kentucky Communities was published in 2010 (KDOW 2010). As of 2012, several watershed-based plans have been developed, and the Division of Water has issued grants for implementation of improvement practices recommended in the plans. Since 2008, 319h funding has been awarded for watershed planning and implementation in five of nine priority watersheds in the Kentucky River basin (Clarks Run of Dix River, Eagle Creek, Red River, Wolf Run of South Elkhorn Creek, and Cane Run of North Elkhorn Creek).
Additional Watershed-Management Partnerships
In addition to working with KDOW, KRA, and KRWW, KWRRI also developed partnerships with several other agencies and organizations in the Kentucky River basin. These include Eastern Kentucky Pride, Bluegrass Greensource, the Kentucky Waterways Alliance, Kentucky Riverkeeper, and Area Development District Water Councils. More information on each of these groups can be found at the KWRRI website at: http://www.uky.edu/ WaterResources.
Lessons Learned
After 15 years of ongoing watershed-management activities in the Kentucky River basin, several lessons have been learned. Many of these lessons are consistent with those originally identified by EPA in their top 10 watershed lessons learned (EPA 1996) . A summary of the lessons learned and/or validated from those watershedmanagement experiences in the Kentucky River basin are summarized as follows:
1. Watershed-management plans only succeed if they are implemented: From the perspective of local stakeholders, watershed-management plans are only considered successful if they are implemented. Unfortunately, when the process is driven from a top-down approach, or by a regulatory agency, program success is frequently measured by the development of a plan and not its implementation. This observation was one of the motivating factors in the KWRRI and KRA embarking on a modified management strategy in an attempt to see greater project implementation at the local level, even when those implementations involved smaller projects and less dramatic successes. 2. Project implementation typically requires more than a year:
Following a largely unsuccessful initial attempt to implement watershed plans in the priority watersheds of the Kentucky River basin in the fifth year of the framework process, it became readily apparent that management efforts must be ongoing throughout and then beyond the five-year cycle to have an ongoing benefit and to maintain local interest. Regardless of the methodology employed to identify the priority watersheds, someone needs to oversee and encourage the implementation of the plan past the fifth year. In fact, it can be expected that it will likely take several years to implement a plan in a particular priority watershed. As a result, it is important to have an effective basin coordinator that can develop local leadership to help lead and manage such projects. 3. Finding a good leader for a basin coordinator is a major key to success: The job of a successful watershed-management basin coordinator requires someone with a scientific background as well as strong leadership talents. Successful leaderships skills include communication, interpersonal relations, diplomacy, patience and perseverance, an ability to encourage and empower others, as well as an ability to facilitate cooperation and collaboration. After working in the basin for more than 10 years, the Kentucky River basin coordinator has developed credibility and respect from a diversity of stakeholders, including those from the agricultural community, development community, environmental community, and regulatory community. Such relationships are imperative for watershed management to be effective at the local level.
4. Having a basin coordinator at the watershed level is highly desirable: The Kentucky River basin watershed-management program is blessed to have a highly dedicated basin coordinator who lives and works in the basin. By virtue of being a contract employee of KWRRI and as funded through an annual grant with KRA, she is provided with a level of flexibility and freedom (that allows her to work closely with local watershed groups) that might not exist if she was a state employee of KDOW. 5. Leverage existing interests to build capacity: Outreach and assistance efforts are much more effective in watersheds with at least some preexisting activity or interest in water-quality issues. In the Kentucky River basin, KRWW water-monitoring volunteers have served as a good potential pool of involved citizens for initiating management activities (Ormsbee and McAlister 2005) . Presentations to county fiscal courts or general public meetings have also been somewhat successful for recruiting interested local champions of water quality improvement. 6. Build on small successes: In many cases, the top-down approach to watershed management was limited due to the tendency to focus on large projects. Unfortunately, such a focus typically precluded the involvement of many stakeholders at the local level. As a consequence, KWRRI has worked closely with KRWW to support smaller citizen action plans, which can be used as a starting point to build on small successes. KWRRI has also collaborated with KRA to sponsor an annual seed grant program, which pays up to $3,000 a year to support small watershed projects. In many cases, these small projects have allowed groups to get organized, collect data, implement demonstration BMPs, or provide educational outreach programs. As a result, KWRRI has been able to then help support such groups with the next step of applying for larger grants, such as the state's 319 nonpoint source grant program. 7. Leverage partnerships to leverage success: As indicated previously, KWRRI has worked hard to develop strong partnerships with other organizations across the state and within the basin, which can be leveraged in support of watershedmanagement activities. Malissa McAlister, the basin coordinator for the Kentucky River basin, currently serves on the board of directors for Bluegrass, Greensource, and KRWW, which has allowed for even greater opportunities for collaboration. KWRRI and its associated center of excellence for watershed management have also achieved positive notoriety throughout the state, which facilitates networking with a variety of academic, governmental, and NGO partners. 8. Education and involvement drive action: For citizens to influence watershed-management decisions at the local level, they must be provided with adequate information, as well as an opportunity to become involved. KWRRI assists with watershed education on a variety of fronts, including websites, presentations, meeting participation, and activity coordination. Through its involvement and assistance with KRWW, KWRRI developed, and regularly updates, the associated website with information for KRWW volunteers. This includes volunteer training workshop dates, sampling data and analysis, KRA watershed grant project descriptions, and educational resources. This informational website serves to supplement the information provided to KRWW volunteers through a Phase I training workshop on field chemistry analysis and grab sampling techniques and a Phase II training workshop on habitat and biological assessments, which are both provided by KRWW trainers on multiple dates and locations each year. In addition to the above, KWRRI staff provide a presentation at the KRWW annual conference, which includes an overview of the year's water-quality sampling results and their meaning, as well as a listing of the sampling sites with results of particular concern. The sites of concern are often associated with a related volunteer or watershed group effort to address those concerns. In recognition of the benefits of KRWW data and follow-up assistance, KWRRI is dedicating staff time and funding to support an improved data-management system. The online database will provide continuous access to all historic sampling results collected by volunteers statewide through the Watershed Watch in Kentucky basin-specific programs. This database will offer a systematic, consistent format for entering data and will show the results in various formats deemed helpful to volunteers (i.e., tables, graphed, mapped). Future plans include the development of individualized data interpretation formats, which will greatly assist volunteers with data explanation and presentation to other local stakeholder groups. 9. Measure, communicate, and account for progress: To maintain enthusiasm among local stakeholders, progress and local success stories must be measured and communicated. In the Kentucky River basin, this is accomplished using several strategies. In addition to its educational and outreach functions, the KRWW website serves as an outlet for promoting watershed-management activities through a listing of volunteer-developed citizen action plans and project summaries for annual KRA watershed grant recipients. The KRA watershed grant project summaries include final project reports, often with photos of project activities. KRWW news and volunteer successes are also promoted through email listserv distribution and periodic e-newsletters. During the KRWW annual conference, the Kentucky River basin coordinator organizes a presentation of status reports from a few select watershed representatives who have experienced significant successes during the previous year. These reports are well-received by the conference participants and stimulate ideas and action for others who are interested in taking the next step toward translating water-quality data into improvement or protective action. For instance, the Friends of Wolf Run group was formed by a group of KRWW volunteers and regularly provides updates at the conference on their sampling results, data analysis, and subsequent partnerships. A significant partnership was made with the Lexington Fayette Urban County Government to create a formal Wolf Run Watershed Council, which led to a 319-funded watershed planning effort and subsequent 319 applications for ambitious watershed implementation recommendations throughout the Wolf Run Watershed. KWRRI sponsors a one-day symposium each year in Lexington, Kentucky, which features several technical sessions that include oral presentations on a range of water and water-related environmental topics, as well as a separate poster session. The symposium also features an annual awards luncheon during which three awards are presented to individuals who have made significant achievements in water research, water practice, and water quality. The annual symposium is well-attended and is a very effective means of educating the water community in Kentucky about a variety of current water-quality research and management activities, as well as recognizing individual endeavors in watershed work. As previously mentioned, the Kentucky River Authority watershed grant program also captures local success stories through the required final grant project reports, which are posted online. These reports summarize the project activities, partners involved, and resulting achievements, and many provide photographs to share and promote these activities. Thus, they are very useful to potential new grant applicants interested in fine-tuning their project ideas (KRWW 2013b) . The Kentucky River basin coordinator also organizes semiannual Kentucky River basin team meetings, during which a variety of stakeholders are informed about basin activities and are given the opportunity to share and discuss watershed issues. Meeting agendas generally include updates on watershed grant opportunities and funding awards, individual watershed group projects, and KDOW programmatic activities and decisions. These meetings are attended by NGO representatives, university staff and faculty, government agency representatives, and watershed group stakeholders. 10. Some type of continuing baseline funding is imperative for continued success: Based on work with local stakeholder groups in the basin, it has become apparent that funding sources for management activities need to be readily available to fuel enthusiasm and engagement of local grass-roots watershed efforts. The funding from KRA in support of a basin coordinator, volunteer sampling effort, and a basinwide seed grant program has been crucial in helping to maintain that enthusiasm in the basin. As a result, KDOW is currently investigating ways to offer such a program to watersheds throughout the state. 11. Nonregulatory agencies may be better suited to foster watershed management: Experiences in the Kentucky River basin have demonstrated some of the advantages of having a nonregulatory entity, such as KWRRI (with sustained funding from KRA), as the lead driver of watershed activities within a basin. At the statewide level, the initial enthusiasm and commitment of the original members of the Kentucky Watershed Steering Committee (KWSC) has diminished significantly over the years as a result of new priorities and budget reductions. The KWSC has not met for more than three years. As a result, KDOW has increasingly taken on greater responsibility for the overall program. With the exception of the Kentucky River basin, which is supported by KRA, all other basin coordinators are funded and employed by KDOW. While this has certain benefits, it has also produced challenges. By virtue of its regulatory function, KDOW has found itself involved in several issues that have the potential to jeopardize its function or even perception as a neutral agent in fostering the general goals of the Kentucky watershed framework. In Kentucky, these issues have involved conflicts surrounding the development of TMDLs, the balance between environmental and economic development issues with regard to coal, involvement in consent decrees for several major cities in Kentucky related to wastewater and storm water issues, and a perceived advocacy for some specific management strategies. These developments have underscored the necessity of developing statewide partnerships with a sustainable organizational structure to ensure the continued success of the program. It may be argued that such leadership may be better suited for a nonregulatory entity, such as a university or nonprofit organization.
Future Directions
While this paper has tried to highlight some of the successes of the watershed-management framework process in Kentucky, it is hoped that many of the findings may be of benefit or at least potential consideration by other states as well. In particular, our experiences have shown that administration of either basin or statewide management programs by nonregulatory organizations will likely have a greater potential for success than those administered by regulatory agencies. At a minimum, some type of effective partnership between the regulatory and nonregulatory communities is needed. Second, most successful programs will likely require some combination of a top-down and a bottom-up approach. Our experiences have shown that the latter approach can be very successful if supported by a strong local basin coordinator and some type of local basin champion (e.g., KRA) that can provide a minimum level of sustainable support and financing. As the federal program moves into its third decade, the EPA continues to explore new ways to promote more effective watershed management. In 2007, EPA Region 4 created the centers for watershed management program (which now includes 10 universities in eight southeastern states) to provide technical support to local communities in support of watershed-management activities. In most cases, each of the participating universities have developed strong working relationships with their state environmental protection agency thus providing a nonregulatory partner to help better foster watershed-management activities in their respective states (EPA 2013b). Such a program could serve as a model for the rest of the country.
In an effort to try to initiate a renewed focus on watershed management across the state, the Kentucky Division of Water has partnered with the Kentucky Water Resources Research Institute and Region 4 EPA to create a center of excellence in watershed management at the University of Kentucky (KCEWM 2011). The goals of the center include (1) facilitating collaborations between watershed stakeholders and center partners (i.e., university faculty and staff, government organizations, and regional and statewide NGOs), (2) serving as a clearinghouse for watershed monitoring and spatial data sets, and (3) providing technical training and support through creation of a watershed academy. It is hoped that the new center will be able to leverage the successes from the Kentucky River basin to the additional river basins across the state.
Appendix. Details of the Prioritization Score
The watershed priority formula was developed to summarize technical information and serve as a basis for deciding how to allocate resources to address two separate goals: (1) protection, and (2) restoration. To accomplish this objective, the formula was developed with two separate components: a protection (or vulnerability) component and a restoration (or severity) component. Mathematically, the composite score for a particular 14-digit HUC will be the product of the two component scores. This may be expressed as follows:
14-digit HUC priority score ¼ ðprotection scoreÞ
Protection Score
The protection score was used to identify those watersheds that contain areas or streams with special designation resulting in elevated protection status above the minimum standards. These areas are identified by various programs and mandates for extra protection. The protection score for each watershed was computed based on a weighted average of the protection scores for each category. Protection categories included: (1) wetlands, (2) surface drinking water protection area, (3) well-head protection areas, (4) groundwater sensitivity zones, (5) fish/wildlife management areas, (6) nature preserves management areas, (7) nature conservancy area, (8) reference reach watersheds, (9) outstanding resource watersheds, (10) recognized resources, and (11) river assessment categories. Mathematically, this relationship was expressed as
where C1; : : : ; C11 represent the protection scores for each category (i.e., C1 = wetlands protection score) and a; b; : : : ; k are coefficients whose sum is equal to one. The protection scores for the recognized resources and river assessment categories were themselves based on a weighted average of additional subcategories. The subcategories for the recognized resources include (1) rare species, (2) national natural landmarks, (3) national parks, (4) federal conservation areas, and (5) university natural areas. The subcategories for the river assessment category include (1) agricultural lands, (2) botanical resources, (3) corridor character, (4) cultural resources, (5) fish resources, (6) geologic and scenic features, (7) recreational boating, (8) water quality, (9) water resources, and (10) wildlife resources.
The individual protection scores for each protection category were generated by developing a linear relationship between the category protection score and an associated category indicator score. The category protection score ranged from 1 to 2 while the category indicator score limits were dependent upon the range of the associated category indicator. Normalized watershed category indicator scores for each 11-digit watershed were developed by processing the associated category information using "ArcView."
Restoration Score
The restoration score was used to identify those watersheds where data indicated the watershed was impaired. Due to the number of 11-digit HUCs and the lack of comprehensive monitoring data in each of the HUCs, the restoration score for each HUC will be based on the maximum of either a potential impacts score (PIS) or an observed impacts score (OIS). Mathematically, this relationship could be expressed as Restoration score ðRSÞ ¼ MAXfPIS; OISg ð 3Þ
Potential Impacts Score
The potential impacts score for a particular watershed was computed as the weighted sum of the predicted impact scores for each individual impact category. The predicted impact categories included (1) flooding, (2) supply vunerability, (3) drought vunerability, (4) potential contamination sites (landfills, underground storage tanks, and hazardous waste sites), (5) potential pesticide loading, (6) potential fertilizer loading, (7) agricultural erosion potential, (8) livestock operations, (9) discharge violations, (10) KDOW citizen complaints, (11) toxic release inventory risk, (12) population projections, (13) unsewered population, (14) mining, and (15) runoff potential. Mathematically, the predicted impacts score was expressed as
Potential impacts score ðPISÞ ¼ ða
where a; b; : : : ; o are coefficients whose sum is equal to one. The predicted impacts score for each impact category is determined using a linear relationship between the category impact score and an associated category indicator score. The category impact score ranges from 1 to 3 while the category indicator score limits will be dependent upon the range of the associated category indicator.
At the beginning of the program, the majority of the potential impact categories were analyzed using county-based data. As a result, the associated indicator scores were reflective of the range of values at the county level. To determine the associated 11-digit HUC scores, the county values were disaggregated to the associated 11-digit HUCs using "ArcView." The remaining potential impact categories (i.e., mining and runoff potential) were analyzed using an area-based weighted average approach similar to the approach used with the protection score categories.
Observed Impacts Score
The observed impacts score for a particular watershed was computed as the sum of the observed impact scores for each individual impact indicator. The individual impact category scores were based on the maximum score of the associated subcategories. The observed impact categories (with subcategories in parenthesis) included (1) ecological health [aquatic life (AL), contamination sites (EHCS)], and (2) human health [flooding (F), supply inadequacy (SI), surface drinking water (SD), groundwater (GD), contamination sites (HHCS), tissue consumption (TC), and primary contact (PC)]. Mathematically, the observed impact score was expressed as ObservedimpactsscoreðOISÞ ¼ economichealth½MAXðAL;EHCSÞ þ humanhealth½MAXðF;SI;SD;GD;HHCS;TC;PCÞ ð5Þ
The observed impacts scores for each designated-use subcategory were then generated using the following equation:
Subcategory impact score ðe:g:; AL; SD; GD; TC; PCÞ where the percentage of a designated-use category was based on the ratio of the length of streams of a particular designated-use category to the total length of assessed streams for that particular 11-digit HUC.
